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Abstract
Enhancement of transport connections is an important condition for achieving better mobility and economic development 
possibilities in regions. Usually in a given region the economic and social development is concentrated mainly at the central city
and its agglomeration, therefore a realistic accessibility goal is to reach this center from the farthest settlement within a
reasonable amount of travel time. Recent accessibility analysis works have pointed out that the reality is far worse and some 
regions remain in a disadvantageous situation. Transport connections between central and peripheral areas may promote regional 
competition potential for the latter. A complex transport network indicator has been utilized for comparison of two neighboring 
countries, an EU member state and a non-member state, namely Hungary and Serbia. A cluster analysis has been performed in 
order to explain differences in transport network characteristics and socio-economic factors as well as assessing any possible 
connections. A new multi-criteria assessment methodology has been developed by combining two existing methods that is 
suitable for evaluation of transport network connections in order to justify reasonable developments in the regional infrastructure. 
As a result of assessment and consequent structural modifications the access to services would be easier, quicker and better, 
furthermore the regional competition potential would be enhanced and the disadvantageous situation of some peripheral 
territories would be eliminated. Regional planning can use the new methodology for explaining location and possible relocation 
of services as well as for enhancing transport network connections. Applying the proposed new methodology at regional level the 
characteristics of accessibility can be assessed and some “cross-border” solutions can be identified regarding neighboring 
countries. The recommended methodology incorporates fuzzy variables to take into account uncertainty within the assessment 
and provides a possibility for GIS based understandable presentation of results to enhance the procedure of decision preparing.
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1. The evaluation of Hungarian and Serbian regions by the help of a complex transport network indicator
Recently in the last decades lots of articles were published which analyze the effects of transport, but the exact 
connections between transport, as regional infrastructure and the development level of regions was not clarified 
(Diamond and Spence, 1984), (Bryan et al., 1997). The question is still opened, whether the infrastructure generates 
the higher economic growth, or just the opposite, the economic growth requires the built up infrastructure. The 
statement is clear, that transport and regional development are in relation, since the level of the different transport-
types (especially air transport) directly consents to the income production of regions, which is the most important 
indicator of regional development. The advancement rate of the different transport-types has various effects on 
economic growth (Ingram and Liu, 1999), (Dargan and Gately, 1999). 
The expansion of the different transport infrastructure and the GDP per capita are in positive correlation to each 
other (Biehl, 1991), (Keeble et al, 1982), (Keeble et al, 1988), but some authors have the opinion that this fact is the 
result of historical agglomeration processes (Bröckner and Peschel, 1988). It is acceptable that infrastructural 
investments yield only marginal utility in those regions, which have well-developed transport network, further the 
role of these investments is to eliminate transport bottlenecks (Blum, 1982), (Biehl, 1991). Many times the new 
transport infrastructure is not created between the centrum-peripheral regions, but within the centrums or between 
centrum regions, since here is the highest demand for transport. Unfortunately, by the developmental politics 
controlled investments could not decrease the regional differences between well-developed and lagging European 
regions (Vickerman, 1991). Transport can only promote the regional economy, if the latter is operated 
properly (Dyett, 1999), further the improving circumstances in transport have a positive effect on labour market and 
secure additional advantages in competitiveness (Forslund and Johansson, 1995).
In order to handle this complicated connection system the complex transport network indicator (TRANS) has 
been quantified (Veres, 2004). This ratio is capable for making a comparison between the development level of 
different transport-systems and territorial differences therefore the role of transport can be analyzed, which is the 
most important trait of the complex indicator. For the analysis the following figures were necessary:
T – Area (100 km2),
N – Population (1,000 capita).
V – Total length of rail network (km)
VV – Rate of electrified railway lines (%)
U – Total length of public roads (km)
AU – Rate of motorways from public road network (%)
F – Total length of water lines (km)
R – Total passenger traffic of airports (capita)
Variables were ensured by National Statistical Offices and authors’ own measurement using open GIS software.
                    Table 1. Necessary figures for territorial analysis of South-Transdanubia and Vojvodina.
Territorial unit T N V VV% U AU% F R
Baranya (HU) 44.29 3771.42 285.0 23.9 1720 3.0 62 5400
Somogy (HU) 60.35 3169.01 475.0 40.8 1777 6.4 0 0
Tolna (HU) 37.03 2299.42 174.0 32.8 1208 8.2 99 0
West-%DþND (SR) 24.88 1880.87 140.6 0.0 616 0.0 59 0
South-Banat (SR) 42.46 2937.30 124.2 55.0 861 0.0 80 0
South-%DþND65 40.15 6.153.71 158.9 39.2 1268 0.4 240 0
North-Banat (SR) 23.28 1477.70 71.0 0.0 598 0.1 65 0
North-%DþND (SR) 17.84 1869.06 128.3 47.4 623 1.8 0 0
Centr.-Banat (SR) 32.57 1876.67 124.0 0.0 734 0.0 90 0
Srem (SR) 34.85 3122.17 124.9 95.2 1091 1.01 186 0
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From the figures of table 1 is clearly visible that the items of regional transport systems are significantly different 
for instance the air transport traffic figures, where five-six-fold disparities are present. In order to decrease the huge 
disparities variables were weighed by the help of Engel complex ratio based separately on their regional area and 
population. For instance the method was the followed for public roads:
5,0)( NT
U
UK

 (1)
where 
UK – combined public road network ratio
The calculated figures had to be normalized by the help of Bennett-method for easier evaluation and contraction.
The process of normalization can be described by the following formula: 
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where:
IND (U) – normalized combined public road index,
MAX (UK) – the maximum value (max) of the combined public road ratio in the analyzed territories,
MIN (UK) – the minimum value (min) of the combined public road ratio in the analyzed territories.
       Table 2. On Bennett-method based normalized complex transport figures.
Territorial unit IND(V) IND (VV%) IND (U) IND (AU%) IND (F) IND (R) TRANS
Baranya (HU) 0.4512 0.0989 0.3860 0.0439 0.2175 0.0005 0.1997
Somogy (HU) 0.8073 0.1609 0.3785 0.0896 0.0000 0.0000 0.2394
Tolna (HU) 0.3712 0.1933 0.3858 0.1729 0.2440 0.0000 0.2279
West-%DþND (SR) 0.4161 0.0000 0.2545 0.0000 0.1084 0.0000 0.1298
South-Banat (SR) 0.1537 0.2681 0.2147 0.0000 0.2388 0.0000 0.1459
South-%DþND65 0.1277 0.1368 0.2282 0.0048 1.0000 0.0000 0.2496
North-Banat (SR) 0.1796 0.0000 0.2920 0.0036 0.1024 0.0000 0.0963
North-%DþND (SR) 0.4626 0.4449 0.3111 0.0612 0.0000 0.0000 0.2133
Central-Banat (SR) 0.2868 0.0000 0.2679 0.0000 0.1881 0.0000 0.1238
Srem (SR) 0.1744 0.4915 0.2987 0.0183 0.5238 0.0000 0.2511
After normalization all values of calculated variables were between 0 and 1. The higher this value is, the better is 
the transport systems’ level of a given territorial unit. By examining the whole countries (Figure 1) it was an 
expectable result in Hungary that Budapest belongs to the category of extremely developed regions (TRANS-value 
between 0.4179 and 0.4978) from the perspective of transport network ratios. Budapest is the center of a tetramodal 
transport network (air transport, docks on the Danube, rail terminal and „Helsinki” public road corridor, the latter 
conjugates roads from four directions). In Serbia Belgrade (TRANS-value 0.3796), the capital city, is not the most 
developed, but Podunavlje region (TRANS-value: 0.4649).  Each type of transport junctions – excluded air transport 
– are concentrated in the region, since Corridor 7 and 10 pass Podunavlje. Serbia has utilized its originally owned 
capabilities when the country had established the most important inland port of the country in Smederevo.
TRANS-ratio can properly mark those potential fields, where the infrastructure for multimodal transport should 
be built up or developed. For instance Belgrade.ROXEDUD=ODWLERUDQG3HüLQDGLVWULFWVDUHSRWHQWLDOWHUULWRULHV,Q
Hungary only *\ĘU-Moson-Sopron county has developed a good complex transport network indicator (TRANS-
value 0.3554), which is caused by the regions western location and the evolving of Wien-Bratislava-Brno-*\ĘU
development pole (as a development axle of East-Central-Europe). Division of labor becomes closer between North-
Transdanubia and Budapest from economic and transport-related aspects. The complex transport network indicator 
of Borsod-Abaúj-Zemplén County is moderately developed, which is the result of international railroad that passes 
Záhony to Ukraine. However, around Budapest (Pest, Fejér and Bács-Kiskun counties) grew up an economical 
agglomeration area and the development level of its transport system is moderately developed too.  These districts 
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are thriving counties, which can operate as „gates” or „bridges” between Budapest and less developed regions, 
which can be considered internationally and domestically as well.
Fig. 1. Complex transport network indicators (TRANS) of Hungarian and Serbian regions.
2. Cluster analysis of Hungarian and Serbian regions on the basis of complex transport network indicator
The aim of cluster analysis is to collect similar regions from the transport system development point of view into 
the same group. By the help of this method, countries and regions can be examined from the perspective of different 
transport-types. The further goal of cluster analysis is to develop the ranking of the regions from transport system 
development aspects. For the analysis the non-hierarchic method has been applied. By evaluating TRANS-ratio five 
categories has been established: under-developed, poorly developed, moderately developed, developed and 
extremely developed, that indicates the presence of five clusters (k=5).  
An important adaptability condition for cluster analysis is the standardization of the examined variables therefore 
a standardization of the original values (V, VV%, U, AU%, F and R) has been made. In order to analyze the results 
the clusters have been compared by their economic and social factors (Table 3).
                                 Table 3. Economic and social ratios used for cluster analysis.
No. Factor Unit of measurement
1 Amount of wages euro
2 Amount of annual investments euro
3 Number of employment capita
4 Number of unemployed people capita
5 Number of personal cars piece
6 Number of new built flats piece
7 Number of tourist arrivals capita
8 Number of tourist nights night
9 Number of family doctors capita
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Cluster 1 - Only one area belongs to this cluster, the Hungarian capital city, Budapest (Figure 2). The strengths of 
Budapest are the motorways, the rate of electrified lines and air transport traffic. The other transport network values 
are lower, compared to other clusters. Moreover, Budapest rises in every economic and social figure. In the 
developed regions the passenger and freight transport-related infrastructure is advanced, but general infrastructure is 
less developed.
Cluster 2 - The most developed region of Serbia, the capital city Belgrade belongs to the second cluster. Similarly 
the above mentioned cluster, Belgrade has dominant parameters in the rate of electrified railway lines, the length of 
navigable water lines (Kovacs, 2014) and in airports’ passenger traffic compared to the remaining three groups 
(Cluster 3, 4 and 5). The rate of motorways is only 1.93 percent in the Serbian capital city, and compared to 
Budapest the economic and social values are lower, but in a comparison with other Serbian regions they are high. 
The tourism related figures are extremely high in both capital cities (Budapest and Belgrade), namely tourism 
activity is concentrated in the capital cities. 
Cluster 3 - 14 regions pertain to this cluster; from Serbia (Vojvodina) only one district, Srem, the other areas are 
Hungarian counties. The main feature of the group is that each territory have at least one developed transport 
network characteristic, mainly the rate of motorways (average value 3.6%) or the length of navigable water lines. 
The remaining figures cannot be evaluated because of their significant standard deviation.
Cluster 4 - Another 14 regions form the fourth cluster. From Hungary only Veszprém County belongs to this 
group, the others are Serbian districts. In this group the rate of electrified railway lines is higher than average (90%). 
The value of other figures is lower compared to other clusters, including social and economic variables as well.
Cluster 5 - This cluster has the highest item number, 16 regions are parts of this group (5 Hungarian and 11 
Serbian). These regions have the least of all transport supply. Comparing the two weakest clusters, Cluster 4 and 5, 
an interesting difference is noticeable. In Cluster 5 the average length of water lines and railways are higher but all 
other variables are lower than in Cluster 4. The amount of wages and investments is averagely higher, while the 
number of unemployment people is lower compared to Cluster 4.
Fig. 2. Results of cluster analysis for complex transport network indicator (TRANS).
The main result of the cluster analysis is that the first two clusters contain the capital cities (Budapest and 
Belgrade, respectively), as the most developed areas, since these cities have three more developed transport-types 
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compared to the other groups. Cluster 3 contains mainly of Hungarian regions, while Serbia has added only one 
district. In Cluster 4 the rate of electrified railway lines is averagely higher, while in Cluster 5 the average values of 
railways length and water lines is higher compared to the fourth group.
3. Multi-criteria assessment using fuzzy variables
Decision making in everyday life is often based on the assessment of various characteristics of different 
alternatives. Multi-criteria assessment (MCA) methods have been used widely in transport sciences. Main steps of 
an MCA algorithm are: analyzing the problem, defining variables, choosing assessment factors, performing the 
assessment procedure and preparing a recommendation. MCA proved to be effective for the strategic evaluation of 
innovative solutions contributing to the creation of a safer road environment (Macharis et al, 2008). There are a lot 
more transport-related applications of MCA for example in the fields of energy (Scarpellini, 2013), environment 
(Yedla, 2003) and sustainable solutions (Awasthi, 2011) as well as in urban transport (Tudela, 2006).
Comparison of different preferences results in a decision preparing recommendation where supporting crisp 
numerical values are present as well as descriptions including some uncertainty because of subjective evaluations of 
non-numerical variables. One widely used method which can handle decisions in case of uncertainty is the fuzzy 
Analytic Hierarchy Process (AHP); a further development of Saaty’s widely used AHP technique (Meixner, 2009). 
This method is applicable for assessment of maintenance strategies of a road network (Gonzalez et al, 2012) or in 
pavement management of secondary roads (Gulyas, 2012). The AHP method has been successfully applied for 
a feasibility study for road projects incorporating balanced regional development (Cho and Park, 2012).
The attribute weight, a numerical measure to the relative importance of the criterion in the assessment procedure 
of alternatives, is an important part of any multi-criteria analysis. Introduction of fuzzy variables provides a wider 
meaning for attribute weights since not only the crisp number of the weight is calculated but the lower and upper 
boundaries of the weight will be given as well that means a more realistic and practically more applicable picture. 
The AHP method can be used as an individual decision preparing method however in some cases it is combined 
with other decision supporting procedures like linear programming, genetic algorithms, neural networks and other 
up-to-date analysis methods (Millet and Wedley, 2003). 
Based on the above mentioned consideration the AHP method can be successfully combined with the KIPA 
(a mosaic word from its developers’ names KIndler and PApp) MCA method developed by Hungarian researchers 
(Kindler and Papp, 1977). This way a new and efficient MCA and resource allocation method has been developed 
which is suitable among others for assessment of programs enhancing micro-regional transport connections taking 
into account the ever-changing demands of the national economy as well as constrained resources.
AHP is based on pair wise comparison of assessment factors while the essence of the KIPA method is pair wise 
comparison of alternatives (Hangya and Kende, 2004). The first hierarchic level matrix of AHP aims to calculate 
weights of assessment factors and the second hierarchic level matrix compares numerical characteristics of 
alternatives based on their proportions.
The KIPA method performs pair wise comparison of alternatives in a matrix form calculating a preference index 
and a disqualifying index representing the advantages and disadvantages of compared alternatives. The basic 
principle of the KIPA method is similar to the more widely used European Promethee method (Brans and Marescha,
2005), (Brans and Vicke, 1985). The KIPA method is based on the differences between paired alternatives while the 
AHP method measures the characteristics of alternatives on a special scale. In both cases there is a need to calculate 
weights of assessment factors. The KIPA method applies the Guilford procedure (Guilford, 1936) for this purpose. 
Earlier researchers have provided a more detailed description of the KIPA method in English (Podmaniczky et al.
2007)
The main advantage in the presented new combined MCA method that it calculates weights of assessment factors 
applying the fuzzy AHP method and inputs these weights into the KIPA method for comparison of alternatives. The 
original KIPA method examines the alternatives to be compared using a five-level verbal scale for individual 
evaluation factors where scale sizes are determined based on factor values. The new combined method substitutes 
these verbal categories with fuzzy variables therefore pair wise comparison of alternatives can be preformed in a 
scale independent way moreover the uncertainty of expert opinions within the comparison can be taken into account 
by using fuzzy variables. The fuzzy AHP weighing and the fuzzy KIPA comparison create together the new 
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combined MCA method. The new method is expected to eliminate one disadvantage of the AHP method namely the 
reverse ranking problem. A further research field can be the sensitivity analysis of the new combined MCA method.
4. Calculation of fuzzy weights and comparison values
Introduction and application of fuzzy variables is a suitable method for handling uncertainty in the qualification 
of transport connections among settlements (Aldian and Taylor, 2003). The shape of fuzzy variables can be various; 
most frequently the asymmetric triangle shape is used. An asymmetric triangle shaped fuzzy number (a) is 
characterized by a value triplet where “l” is the lower boundary, “m” is the peak (where the value of the fuzzy 
variable is 1) and “u” is the upper boundary: a = (l,m,u).
The resulted fuzzy number can be defuzzyfied giving a crisp number applying a suitable method. This usually 
last step is called defuzzyfication, where a crisp number is determined for the best characterization of the value of 
the fuzzy variable. Some frequently used methods are the geometric centre method and the weight point method 
(Kikuchi, 2007). A simplified calculation of the defuzzyfied crisp number is: c = (l+m+u)/3.
Original comparison values of assessment factors used in the AHP method are: „1”, „3”, „5”, „7”, „9”. Table 4
shows a possible fuzzy variant of these factors based on the proposal of (Chatterjee and Mukherjee, 2010). Original 
verbal categories for comparison of alternatives in the KIPA method: „excellent”, „good”, „average”, „poor”, „bad”. 
Table 5 shows the fuzzy values describing these categories in the new combined method.
                      Table 4. Fuzzy values for comparison of assessment factors in the AHP method
Verbal category Description Fuzzy value
Extremely not important The factor is far less important than the other (0, 1, 2)
Not important The factor is less important than the other (1, 2,5, 4)
Similar Factors are similar (3, 5, 7)
Important The factor is more important than the other (6, 7,5, 9)
Extremely important The factor is far more important than the other (8, 9, 10)
                      Table 5. Recommended fuzzy values for comparison of alternatives in the KIPA method
Verbal category Description Fuzzy value
Bad Most unfavorable alternative by the given assessment factor (0, 1, 2)
Poor Unfavorable alternative by the given assessment factor (1, 2, 3)
Average Indifferent by the given assessment factor (2, 3, 4)
Good Favorable alternative by the given assessment factor (3, 4, 5)
Excellent Most favorable alternative by the given assessment factor (4, 5, 5)
For the determination of weights in the AHP method experts perform pair-wise comparison of assessment factors 
for all possible cases. Results are represented as aij elements of an n x n matrix in case of n assessment factors. The 
matrix is symmetric (aji = 1/aij) and the value of the main diagonal elements is aii = 1.
In the fuzzy variant the matrix elements are represented by fuzzy numbers. The fuzzy eigenvector of the relative 
weights can be determined by calculating the geometric mean applying fuzzy arithmetic as a suitable approximation.
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where
aij is an element of the matrix for comparison of assessment factors,
ei is an approximation of an element of the eigenvector of the matrix,
wi is the relative weight of the assessment factor (the sum of relative weights is 1).
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The flow diagram in Figure 3 explains steps of the new combined assessment method where double framed 
elements highlight the application of fuzzy variables.
Fig. 3. Flow diagram of the recommended new combined assessment method.
In the calculation of the KIPA advantage or preference factor weights of better or equal alternatives are compared 
to the sum of weights, the latter being 1; the advantage factor is the sum of weights belonging to better or equal 
alternatives.
¦
t
 
)( ji tti
iij wc (5)
where 
cij is the advantage factor,
wi is the weight of the given assessment factor,
ti and tj are assessments of the given alternative consisting of fuzzy values of Table 2.
In the calculation of the KIPA disadvantage or disqualifying factor the biggest assessment difference is compared 
to the scale range
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where 
dij is the disadvantage factor,
wmax is the maximum of weights of assessment factors.
Defuzzyfication of advantage and disadvantage factors calculated as fuzzy variables provides the elements of the 
KIPA assessment matrix applying the geometric center method. The assessment itself is an iterative procedure 
varying limits of advantage and disadvantage factors step by step and its result is the preference or priority ranking 
of alternatives. 
The main practical application field of the research results presented is the decision supporting multi-criteria 
assessment procedure of programs for enhancement of transport connections considering the following factors:
x The previously described TRANS index as a regional factor
x The personal and goods traffic on the given network as a technical factor
x The estimated cost of the given program element as an economic factor
x The number of inhabitants affected as a social factor
A further useful assessment factor can be the rural accessibility metric which takes into account the actual 
network condition (Gulyas, 2014).
5. Conclusions
Transport can only promote the regional economy, if the latter is operated properly The complex transport 
network indicator (TRANS) is suitable for characterizing transport infrastructure (public road, railways, water- and 
air transport) in order to analyze and evaluate the transport systems of different regions. From the analyzed 45 
WHUULWRULDOXQLWVRYHUWRSV WKRVHZKLFKKDYHGHYHORSHG WUDQVSRUW LQIUDVWUXFWXUH OLNH%XGDSHVW*\ĘU-Moson-Sopron, 
Podunavlje and Belgrade. These are the regions which are exceedingly appropriate regions for the development of a 
multimodal transport system. In the other regions, where transport infrastructure is moderately developed, only one 
better developed transport-type is present. Logistic firms in these regions can establish their depositories and can 
collect and distribute goods as „gates” or „bridges” between advanced and less developed regions. The remaining
regions have under-developed TRANS-value, which indicates that these regions would require transport-
infrastructure investments.
Multi-criteria analysis in decision preparing takes into account technical, economical and social factors as well as 
financial and non-financial ones. A combined MCA method has been introduced as a result of the presented research 
work providing a potential for renewal of the resource allocation method in case of constrained resources in order to 
enhance transport connections within regions. The method applies new characteristic factors for a better description 
of the transport network and introduces fuzzy variables for handling uncertainty within the assessment procedure. 
The essence of the combined method is that the weights determined by the fuzzy AHP method can be inserted into 
the newly developed fuzzy KIPA method for comparison and ranking of project alternatives.
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